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Introduction 
Poly(D,L-lactide) is a degradable polymer with a long 
history of use in medical applications. It is strong and 
stiff and degrades over the course of months into lactic 
acid, a body-own substance. In the field of tissue 
engineering it is commonly used to fabricate scaffolds. 
Stereolithography is a high resolution rapid prototyping 
technique by which designed 3D objects can be built 
using photo-initiated radical polymerisations. Poly(D,L-
lactide) (PDLLA) networks can be obtained by photo-
polymerisation of oligomers functionalised with 
unsaturated groups. 
In this work, PDLLA oligomers of varying architectures 
(arm lengths, numbers of arms) were synthesised and 
end-functionalised with methacrylate groups. These 
macromers were photo-crosslinked in solution to yield 
PDLLA networks of different architectures. The 
influence of the network architecture on its physical 
properties was studied. 
 
Materials and Methods 
Star-shaped poly(D,L-lactide) (PDLLA) oligomers were 
synthesised by ring-opening polymerisation starting 
from alcohols with either 2, 3 or 6 hydroxyl groups. The 
arm length was varied by adjusting the ratio of 
monomer to initiator. After reaction with methacryloyl 
chloride, methacrylate end-functionalised oligomers 
(macromers) were obtained. Using ethyl lactate as a 
solvent, photo-polymerisable resins were formulated 
from the macromers and 0.5wt% of Irgacure 2959. 
After photo-crosslinking (15 mins at 365nm at 10 
mW/cm2), extraction with acetone and drying, rigid 
networks were formed. These were characterised with 
regard to their network properties (equilibrium swelling 
and gel content in ethyl lactate) thermal properties 
(DSC) and mechanical properties (tensile testing). 
 
Results and Discussion 
PDLLA oligomers were synthesised with a conversion 
of 99%, having molecular weights close to their 
intended values. The methacrylate functionalisation 
reactions reached conversions of 90 to 100%. Upon 
photo-initiated crosslinking, networks with gel contents 
of 90 ± 3 % were formed. Figure 1 shows the degree of 
swelling of the different PDLLA networks prepared. As 
expected, the degree of swelling increases with 
increasing arm lengths. At a given molecular weight per 
arm, the degree of swelling decreases with increasing 
number of arms. This means that the crosslink density 
increases with precursor functionality.  
Figure 2 shows glass transition temperatures (Tg) of 
different PDLLA oligomers and networks. In 
accordance with the Flory-Fox equation, the Tg of the 
oligomers increase with an increase in molecular 
weight. For the networks Tg increases significantly with 
decreasing precursor arm lengths: as the crosslinking 
density increases, Tg increases considerably and very 
high values, even above 80 oC, can be reached. 
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Figure 1: Degree of swelling of PDLLA networks. 
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Figure 2: Glass transition temperatures of PDLLA 
oligomers and networks obtained after photo-
polymerisation of PDLLA macromers.  
 
Table 1: Tensile properties of PDLLA networks 
 E (GPa) σmax (MPa) εbr (%) 
PDLLA networks 3.4-4.3 59-77 1.7-2.7 
HMW PDLLA 2.6 50 4 
 
Although the experimental error in tensile testing is 
large, an overall increasing strength with increasing 
crosslinking density was observed. Also, the modulus 
decreased with increasing precursor functionality. All 
networks showed higher values of stiffness and strength 
when compared to linear high-molecular weight (Mv = 
328.103 g/mol) PDLLA. The results are summarised in 
Table 1.  
 
Conclusions 
Strong and stiff PDLLA networks were obtained by 
photo-initiated crosslinking of functionalised oligomers. 
The network architecture could be tuned by changing 
the precursor architecture. Densely crosslinked PDLLA 
networks showed Tg’s up to 82 °C.  
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